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ABSTRACT 
Well-designed videogames provide intuitive and engaging 
ways of understanding and interacting with highly 
complex systems. The aim of this study was to explore the 
use of videogames as a lens for the design of 
bioinformatics visualisation tools, with a particular focus 
on molecular graphics systems designed to explore 3D 
structures of proteins. We conducted a workshop bringing 
together experts in game design, molecular biology, data 
visualisation, and software development, to explore how 
videogame expertise could inform the design of the protein 
visualisation tool, Aquaria. Results of the workshop 
suggest that games could influence the design of tutorials 
for new users, the nature of the interaction within a 3D 
space, and act as a mechanism for engaging users in crowd-
sourced tasks.  
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INTRODUCTION 
Many videogames successfully organise vast amounts of 
complex information into a compact and intuitive user-
interface and the application of these techniques in a 
similarly complex non-game environment is worthwhile 
investigating. This paper explores this possibility in the 
context of bioinformatics visualisation by recruiting game 
design experts to provide input into the design of Aquaria 
(O’Donoghue et al., 2015), a widely used tool for protein 
structure exploration and visualisation. The findings 
provide insights into the strength of videogame interfaces 
as a design lens in other settings.  
RELATED WORK 
The term gamification describes the use of game design 
elements in non-game contexts (Deterding, Dixon, Khaled 
& Nacke, 2011). One challenge with the use of 
gamification is that videogames and utility software often 
have different goals. Central to the design of software 
applications are usability goals, with core aspects such as 
efficiency, learnability, good utility and ease of use. 
Lazzaro & Keeker (2004) emphasise that the goal of 
productivity software is to make a task easier to complete 
and reduce workload. Videogames, on the other hand, are 
intended to increase workload, entertain players and 
present challenges to the user (Lazzaro & Keeker, 2004). 
Nonetheless, videogames often exhibit similarities to 
utility software. For example, both need to teach people 
how to use the system, and many videogames do an 
excellent job at working this into the gameplay, rather than 
through external means such as an instruction manual or 
video. More broadly, videogames are structured explicitly 
to engage and motivate users – outcomes often desirable in 
non-game settings. The potential utility of these 
mechanisms has yet to be fully explored in bioinformatics 
visualisation tools – how can using video games as a lens 
influence the design of such a tool? 
CASE STUDY - AQUARIA 
The use-case we focused on is the application of molecular 
graphics tools to visualize protein structure (O’Donoghue 
et al., 2015). Aquaria is a browser-based resource designed 
to allow biologists to explore and visualise three-
dimensional macromolecular structures (see Figure 1). The 
focal point is on the macromolecular protein structure 
displayed in the 3D viewer which is the most relevant 
structure linked to a particular sequence. Annotated 
biological features and text that provides biological 
context are also present but without cluttering the screen. 
Aquaria uses a minimal set of mouse-based controls and 
keyboard shortcuts for navigation and manipulation of the 
three-dimensional structure.  
 
Figure 1. The Aquaria page for human tumor suppressor 
protein p53. 
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Three initial pilot design workshops were undertaken, each 
with two participants with expertise in videogame 
interfaces. The participants were introduced to the topic 
and visualisation tool Aquaria and asked a series of open-
ended questions. This paper reports on a follow up 
workshop study that brought together the experts who 
participated in the initial workshops to discuss the tool 
further with a biologist, data visualisation researchers, and 
the lead developer of Aquaria. Our primary aim was to gain 
additional insights into ways that the experience of 
Aquaria and its interface might be improved from the 
perspective of participants with extensive experience with 
videogames. The follow-up workshop was designed to 
provide additional insight and discussion beyond the 
results of the pilot design workshops. Our workshop was 
structured in a similar way to a Faraday Discussions 
approach (Brooks, 2014). 
Method 
The workshop was conducted with the lead developer 
presenting the tool and relevant resources on a laptop 
connected to a large television. A total of ten people were 
involved in the workshop, five games experts, one 
biologist who is a user of the Aquaria system, two data 
visualisation researchers, and a software developer.  
Participants sat in a circle and the discussion was led by 
the developer. One of the game experts communicated 
remotely via Skype. The workshop was video recorded and 
a transcription was made and entered into NVivo 10 for 
Windows and prepared for analysis. The discussion was 
coded and themes were formed by a researcher. 
RESULTS AND DISCUSSION 
From the analysis, four prominent themes emerged related 
to game design and Aquaria’s interface. 
Controls and interacting with 3D space 
The different ways of navigating Aquaria were discussed. 
Although game controls were considered as a potential 
mechanism for control and navigation within Aquaria, 
participants also highlighted that Aquaria was more similar 
to a 3D modelling tool or game engine, rather than a game.  
Tutorials and Onboarding 
Discussion about the use of tutorials in games led to an 
understanding about how the design of tutorials and 
onboarding in Aquaria might be improved. Current 
problems with learning Aquaria were highlighted and there 
was concern that new users would become confused and 
that a better tutorial might be provided. One participant 
highlighted that many players might skip explicit tutorials 
in videogames. Participants also noted that the better game 
tutorials more successfully integrated the learning into the 
gameplay. 
Suggestions were made as to how learning in Aquaria 
could be improved by slowly introducing features. A 
theme that arose was to give users something to try when 
they first opened the tool, rather than just presenting a 
blank screen. One participant even suggested creating an 
external game-like experience with a story that required 
the use of Aquaria to solve it – like the game Where in the 
World is Carmen Sandiego. 
Gamification and crowdsourcing 
The potential for gamification in Aquaria was discussed in 
the context of crowdsourcing, prompted by looking at the 
existing gamified website Galaxy Zoo – a website that 
encouraged the classification of galaxies. There is a lot of 
data currently in Aquaria and one particular task 
highlighted as appropriate for crowdsourcing and 
gamification was that of picking an appropriate default 
view for each protein. This default view would be the view 
that was automatically shown first when searching for a 
protein in Aquaria. However, participants in the group 
suggested that classifying this information may not be 
interesting to users. The group considered that if 
gamification was used then it might work to encourage 
crowdsourcing, particularly if the system were able to 
inform the user that they were the first to view a particular 
protein structure. This could then potentially be quantified 
and made competitive. 
Playfulness 
The final theme that arose during the discussion was the 
potential for playfulness to be added to the system to make 
it more enjoyable to use. It was proposed that the 3-
dimensional model of the protein could be made more 
interesting by allowing users to play with it, such as by 
stretching it. However, the biologist highlighted that this 
deformation wouldn’t be scientifically accurate, and there 
would be resistance to playing in this way by some. This 
raises an interesting point – although games could be used 
to make tools such as Aquaria more interesting, any 
additions such as these need to take the utility, accuracy 
and validity of the data represented and generated into 
account.  
CONCLUSION 
By engaging game experts, we have managed to attain 
unique insights related to Aquaria: more intuitive 
approaches to orientation and movement, suggestions for 
onboarding new users, ideas for promoting crowdsourcing, 
and support for a sense of realistic playfulness. Overall, the 
results of the workshop provide a number of unique 
insights that can be used to improve Aquaria. In particular, 
a tutorial could be provided to guide first time users and 
gamification could be used to encourage crowd-sourcing – 
perhaps focused on preferred views. Playfulness could 
possibly be supported further, extended to classification 
and annotation tasks as in other scientifically oriented 
systems. 
These ideas have been confirmed as being useful for the 
further improvement of Aquaria by the tool developers. 
These results are not only useful for Aquaria but may also 
be a useful starting point to improve tutorials, 
crowdsourcing and playfulness in other scientific 
visualisation tools as well. Finally, our work provides 
initial empirical support for the utility of videogame 
expertise in the consideration of non-game interface and 
interaction design and similarly, the appropriateness of a 
group discussion with game experts and domain-specific 
experts as a methodology for gaining design insights.  
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